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(54) JITTER/WANDER ANALYZER 

(57)Abstract: 

PURPOSE: To provide a jitter/wander analyzer which can 
accurately, efficiently measure and analyze a jitter, a wander 
reduced in its frequency. 

CONSTITUTION: A measuring unit 10 has a measurement 
signal generator 1 1, a reference oscillator 12, a frequency 
converter 13, a multiplier 14, a jitter adding circuit 15, a 
vSwitching circuit 16, first and second continuous period 
measuring circuits 17, 18, first and second buffer memories 
19, 20, and first and second frequency dividers 21, 22. The 
circuits 17, 18 continuously measure a period of a signal to be 
measured. The variations in data of signal periods undergo fast 
Fourier transform in an arithmetic analyzer 30 to analyze a 
jitter and analyzes a relative jitter from time interval measured 
value of the two signals to be measured. On the other hand, 
frequencies of the signals to be measured are suitably divided 
by the dividers 21, 22 to analyze its low frequency jitter, and a 
wander is analyzed by simultaneously calculating MTIE 
(maximum time interval error) and long frequency deviations 
at a pluraHty of observation times. 
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nm^7-8 3 9 8 0 



mmm^mm} 

mum 1 si/m 2 cD-sspffliiisiiiiA^bai* ^*t^a 

Mem 1 Rt^S 2 ^ U lciett^?*tfc3M«H3fflT— $! 

3 1 mu% 1 &t/» 2 (oa^sffliisii^T? 

2 O0lti"i^fl-§-«fflia$lsl^!:: . *^ojIi^S*l!r;lS 
li*3l i|~ ig«of) V 1^ / 9 > ■S'*««Tg«o 

» 1 SLXS'm 2 (»»)S«!;i:Sll!^-e;llSf S ::: tic J: o 



So 

[ll^ael lufE«1Rt/»2(D5i-Ml^fStCcfey«S1 

^ (D5j^Jiiil^ii|Stt<fe y S«-§-P^«)BtPBlPflP«<lSS:fcB 
*tfcHuiSiS€#PBl«)«raPBlPifll ct y ^ t ft ^hfli 

ftM6*H4tilE»t fe* 9 l/^f* a* J: < ««f-C* * -i: 5 

•^vtii ;bt § y ^ MDp^IS* * e, [z^h. W^v^ #ifD 

^:lSll^i4^i^«A^b(D^^l^l«^^all£^i^i: lta^j 

[000 1] 

-j9mmh'yv9mmm.t. mt i e (maximum t 

IME INTERVALERROR) Ic J: Sft»IMttffilEl!|-C?**9 >5f 

ts i:t:Amm~m^ Ls -troa^**^ b ^ o«i|g<k 
*j^<^«T-r-sc:i:A<T?ti>v-vdi'/9> ^mm^miz 
[0002] 

I SDN-\''SONET/SDH^fl)7— 
dr T ^? 5^ -V $ ix^T 1-:^ iUjUS^- h 9 > T- 

U/TS (IBCCITT) Om^tiilf-IS^ 'tOm'^Mt 



(3) 



^B§¥7-8 3 9 8 0 



[0 0 0 3] -isic. B^mmi-T^'f-ux'it^m^av 

Com^Kimm^-f >0«ivp L. L {yx-Xay<f 

L 4' L^«^;Kfi!^^^® i; ^ -7 > 
SONET/SDH-t?li. h^?— > - 'i^X 

-xicte!t-5,i5i»i!SiJ#©fc»(-. u-i^osfesia? 
^iz^^Tf-'H y^^mmthmm^^L^ atm 

Hz~i oHz) ^l^;lc9>^'tl^3P«SiI^^^, 'yv 

[0004] 

Amnt■x:mf$.^i^xl^ho ^mmzi>vi><DmMmm 

litTMM 0Hz~1 OOHzm&X'i&m^i^-J'^M 
ftjc l±=F-f^Jt? & y s 9 >$f l-M LT i*S)S-C # 35: 
CO 0 0 5] $fc. St*'ii«fl)SONET/SDH7:(- 

^ 1 H 2 *-ei*»rte-cfc.SA^ 1 H z •^i**t=^+5J--c 

feSo *fc. 10 0m8> (0. 3b>f,1 0 0#>*T? 

©msiixsMf-fcit-s^^^^ns (MT I E) ^flg*>& 

-So Lj!)^L4-]6<^, C. 1 T U / T S ®M;ffl 

OTa$a)SEBi<»«<-«a5i=ii#-r. Stor^+^-cte 

•So 

[0006] m u/1 sm^xm^mztiix 



fc-SA^, 5 Omfi'-S 0 0fJ>©SB!l<!: 5 0 0»~ 1 09 
MStt**l-5 {G. 8 1 . <feoT, ±iEO. 1 

^-r.&ci:i*^pr«g-efc^o 
[0 0 0 7] ;iroSlBflfl>aWl*. <SB»3a<btfc-:^-y^ 

Ol-^Tt, I TU/TSU^OMT I EIC J: -S 9 ^-S^^S 

/ 9 > ■Sf <i«f ^lHJtt S - 1= » S . 
[00081 

«i®«Baii;siaiKi: , mu% 1 Rt^m 2 owmmm^m 

mz<Jimmmmm%mm\zK:h^^hmi'&m^'&^^ 

It, Mem 1 M% 2 (Da^n^Sfism^T!? 2 owseh 
'M.m^o^^^^n^\z. iy^-:)Wi^mzm%ti>^t^'^ 

[0 0 0 91 *f=, fiEai««ss»*«ft-e#'<?a>Ji»!»l 

ICJ: fiieilSMjSSC^ST^^a^FixfcB^P^PBldfiro 

^«PBiic$t-r-i)^<b»^^ii-7~ 'J xgem tT««f t 
53^)1 ^©»^Mi»i*«iaami&t/»2coii^ra»i»i 

SlHlffiT?»l^-t-5 C 1. 1:: J: oT^i*(7>ai|^^WSfi< 

tifcSfl^ii(D^i©a#wicM-ri)S^b«^^ji:7-yx$ 
[0 0 1 01 *fc. Dismi 2S:i;m 2 <D»®^gsi- J: y 
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[0 0 1 U 8iilE»^i^a«)pJTS©ii«®K^ 

[DDI 2] $t>i::. mBB»<4«(0RlTSa>iiljKUt<DlS 
^ «l«f T? ^ <fe 7 1- Lfc t <I>t?te*o 

[DDI 3] 

i: *<-e * b . <SH *i!s^ b K^a* -e ©ai^w v 

>^f'|::|3Lr-t. I T U/T S-elSSLTri^^MT I El:: 
J;^9>^*^*S*I^*iTt''§5 0m#6NP, 1 07 ||>* 

[0 0 1 4] 

1 4 8 8ns 

2 9 7 7ns 
4 1.9 
8 3. 9 

16 7.8 

3 2 15.6 

[0 017] :$i««r««ii I Tu/TS-eii^L 



TJt-Strotfifey. i«Sa!1 Ot. ;W««Tai30i:. 
«i|»^4 0i:. a^gpsot. ^^gpeoti:::;*;®!* 
tt. SflffllWAO. «*«|55 0JttfMH*S!i6 0tt/<X7 0 

^■^tLxmm&^ o&t;jS6jr««f«i5 3oi:iB5icsiaE* 

[0 0 153 jffl^gf 1 o^mmm^^mmm^ 1 1> « 

*«filli at, ^»liilf}ftlslKi Qt. m.^mw,^ 4 
5?'^^ (4*11^1 5 it. yjyg^HKl 6i:. mi 

ai;m z ommmmm^m^ i ? ai; i s <t . m i ai; 

|g2<D/^-v:7r>^y 1 9&u:20i:. mi St^ma© 

^}HSI2 1.22 i:*^t.«l^t$*l-Ct^*o *^IIS«««)i^ 

^®»Siill&i7, 1 8*?i^lt^>^^-CL^«.A^b. 2-3 
2o©tt.«s«#tA:'3tr. -^-ro^rafflra^ffi*^ 

Mi|SlHlS&l7. 1 8©)il3^;lSffi©S»-e$)^Siil^ 
[0 0 16] -H. «®jKi>-vS'©««Tl-ttltl^S!l^lft 
^;-g[Hl$F*l«T?$^^ll2 U 2 2lrd:yaS!=^^-)lt. 
t^Zt-Q. ffifflSfy-yf *««f-r«>» 

(i#!5<20 4 8KHz, y^y3'TJ«*'J 1 9, 2O0§ 

4 8 8ms 
9 7 7ms 
5ju s 1.95s 
1 ju s 3.91s 
1 /i s 7.81s 
3 /i s 15.63s 

U 2 2-C:-4KH2lC»)l!L. ia5#0>a^)l«B*^'ai|^* 

2 0lrEti$^-5*^> jS»fl?«fiH5 3 0l*. Wtt'SlfiyaE 
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t . O ^ i- J; SttStfii t Ji^^fBl/flSiil^SBW 

10 0 19] *^«TSa-eii. iSai??g|5-ev-y 

[0 0 2 0] m^m^±hm^^ ^\tm^&u%2o^ 

ffl^2 1 ^1^2 2^^^LT■f-^^•?*tji^,^^T < § 20© 
A^3 (A^n A*2) ^iiiii:(cS{iT'#^J:3f=«lJ$ 

'Mm^ mm^xti 1 ) 1 ay'^m^z 1 $:ft-LT;ii 

1 1l::A:^3l tLrM*g^*t. 

>t.xm^<oi:5'a''<;i-:^tta>«2<»«i»i:S«# («5llS 

A* 2) SJ*Ja;ta«[ilKi 3*Mi(Ov-y^J#J0ff<» 

1 |cAJj2i:LXttl&i?tL'&o C»S^ 
^fll^S^iagS 1 114 2 IS«IE<D«[ii|S(i#©X V 'yKIH 

•^^fililSi 1 iiJi«li:iPJtrii2 3^»cDSi!fia)a^g 

[ O O 2 1 1 «1 y SxIlK 1 6 2 Sl^A 

Mi!5gA;b2Sm2»^^ffiill2 2*:frLTa5^ 
<i-^±l«lil^i l-^A*2i:LT^*S-r*c 

L-c#iig^*i.^»*e^a«>is»«*jti^iS2®^ssi2 2 

*^^tTal|««#^l«®K1 i'NA:*3 2tLTfit*6**i 

So tn y g X. 1 6 li^liPSS 4 D 8 cDffi'^ (ti|»lt 

^) 91'S^s©^lfeSl|Sfi■^ (maii^A;i3 2) stt^ 



2©^jffl^2 21-ji^o ffly«^@Ki eii'j 

[0 0 2 2] fg1<D»SSl2 1 litb^fl<)^Lv|l;Siaa)v 

fl)**,«iS<s-^4fieiiKi i-^A^]-r«), 

§12 2ii^y»x.l5lKi e^Jicrtt^^ti'Sv-y^s^ 
#j!)0-r -SflCDftiP&WWiS^^^* 4 KHz izi^m tT 

ijs<ni*«eKi TvAA-rs. i>im. skd^his 

2 1 tJIU^^EISSl 6A<»;il^A*)2i!l|c^ 

^$HTL^i>t^lcli. C05aa«A^l2$!£^SfclSi: 
T^^SUT;aiJS«#^miilKl I'^A^-rS. ±IBB1 
&o:^2©«-HSS2 1 . 2 2l4HSIfe<4^l=JKCT»iaJ± 

[0023] 1 2 l4*^«fg«<D^r >r A'^— 

m®isi 3ic«t^*ti. immmmm'^m^oymmi 

\z^^^i(\.^. S*|gli§|1 2<Dtilii«#liifi 

zih,^mmwinm-s.m^^ i . 1 8ir^*g^*t§. ^s? 
ffltJisto-e, ±jSLf=<fc5icwy§^iaiKi est; 

»2®^J-fflS2 2^:ft'LTai^m^^ltiiai l-^Ai) 

Vv9¥tmmny 5ict#^is*ti. v-v^^A^Mto^^xfe 

S * HT I -S)®BF*1 0) "V ^ $ AXMir $ -tt ■& ^ (D 
a— »f A<lS^-e t V -v ^ 

P3S»S«lslS& 1 3 *N f. co**fiffi«)it®l<i^f=#»] L 

amiSl 5 l*^;KIS3E»[iSI -I 3 7!)^t.0«^iSiffi<»IS^ 
«^^T-$' AijSl/M-SP^' a-v-^A^Jt LTiJ^y-S'l^ 

V >y MUDiaSSffi-^ ^ s 01] X. li V -S* ^4 13 S§*<0*KK 
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[0 0 2 5] il2l**fil«r^SA^bl*i^«^ (iJ-y^f* 
ic A*t C ic <fc o T . tSiSBIga© V $ WE«!« 

1 544KH2 b;*:. -mo%m7i>7<Dm) 

«^4KH2<!:3iSLfcroid:, ITU/TS©tJl&» 

izmt tr 4 K H z iz^^'y y^m^^mmmmth 

;i.xffi^*<-€'H-?*t« 1 2 0^m^ 2 1 at; 2 2 

umzammmmm'&mm-^ vai/i sciii. 

1 ic.fcoT2liS$*lfc»ISA^3l&t/2<D 
Tia^yx-yv (ftwx-yv) !»l'<■rH:6^-:^(»x■vvfI 

mm^'-^) si^-oi 7D&t^i sD^at 

1 sw^iicr, mi Jli/m2<»/<>vP7^^'J 1 9& 

9. 2 0liv'-^»^'<>1 7 DSlI/I SD^fflCXiUfe 

:h.T<i>;IiKT— J'*«#ai^^'<>1 7WRl/:i 8W 

»^tfS3 oA<BiK/)s;tm0»«^ictts-ri)o 
[002 7] mi. m20mmmmm^s^t 7. 1 s 
tmcms&o^cox'^K. mmcom^it. itmmtLx 
% 1 (Ji^m^wmmis, 1 7 tr^E^^A* 1 ©iecdx 

d L T ft t)tL S = fill X. !*'A :b 1 <»a#$il T 1 1 Cifc ft ^ iE 
<7)x i? E 1 1 i: '^©B^a T 12l::i3tti. lErox <y y E 12^ 
oa>«[ai|^)i}«Plkl*. ^3Ic^p1-J:3 

1:1, js^ptktD*&s-cfc-&x-v-::?Eii6^b2oatf)i+iyi 



El2A^b2 0icDit»'?a-:''5'52ff)^F^t2 I#W t 

TO Plk+t2 =NTO +t1 OM^tf' 

Plk=NTO + 1 1 - t2 

[0 0 2 81 dC-e. X>yvA^^>2 0@<Dl+i^■i7a'y'? 

vi: 1 ogflJUIS^ P v'7ttm»>XW&\^^ 
S«S<0t1 , t2 (;)li#llll»l5gA<t7K.'ti:l^-i:A<fey# 
Sfc«)T?tey, KIHtl , t2 ©l«i«S«iil£A^'fix.ti. 
IJ, x-yv<DE^£f>1 o@©l+a^?P'V^$-S«?LTt 

[0 0 2 9) lg20a«ffl»jai|^ilKl 7. 18 

CD^I y bi^FBl t 2 y ^TJIi^SH-St+Sfe-? a ■J' 
(D^Nplk . Np2k lcZ©ltlfc^'P-y^7ffll»T0 «-8i> 
lt»:Lfc7'— (^MttBS-r*) NplK TO , Np2K 

TO i*T-<i>^';t/iST?*i^<D-e'?-(D^*ffi^jL. 

JS^^PbI t 1 , t 2 !COL^TI*^©^ ( t 1 - t 2 ) 

^>^^)\>tmm (A/DSEMiai) -ecti^T-ri^^'/HiS 

tcUfcAVplK , AVp2K Ji^-r >1 7 D, 18 

D^iicrmK m2a)/^v7T^^ U 1 9. 2 0i-m 
:Jj-r.|>. Jifc. ItiattNplk . Np2k rokiik=i~m 

[0 0 3 01 %1z.. ffijyi?«y^^'7>-5«'*aS-r*«^ 
(zi±. 2 0(DaiSSra«8;DI«IiSSi 7X1/1 8(7)S«x- 

%±^mSk 1 1 *<««7LI* 4 KHz ©1ftaii:Sfll#<DiE<DX 

•vi^^A* 1 fc LTS 1 ®a«Jl»^®l^ 1 7 

L. A*2 t LTv'V^^L©4KH z(7)ISIt<i-§-<0iE 

(»x-:;vSm2a)a^®W;MS0SSi 8lcA:tit^ii 
!::. ii)S<I^4jjElHlK 1 l •e->-'7->XA<^fi**iTl^ 

EP*.. A^ia)aa«^«^«>2:^±A<y*>f,a)^A< 

8#^W^ b a#$i| T 21 1- S> It SK»^t-^<Dg*}a)l£ *. JtTi^ y 

*t?(d^FbTp21£)1Sl, ^w^mr-o-^v vm. (P2 

[003 1] ±j$Lfcj;aic. IS1 s.i;m 2©/ ^v:? 7- 
>t^y I 9;at;2otemi st):il2(D5ig£Si«8iisiHi8S 
1 7jttj:i ?,xm%^Mzmi'f-^itm^u<WAt 
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[0 0 3 2] «l®«f»3 0i±, mi» 
Utm2©SI!tS»»3 i&u:3 2t. Ill£ft^»S3 

fstf;i»a53 4t/)^b«)S$tL-ci^^o »i. m 

2 ©^iS«J!D|t« 3 K 3 2 mm^f P 'V ^ "eH t H 

<JU3S-iJMitrBl^^mE0x-< v^'J'-lfi (AVplk , AV 

ir-^! (Nplk TO , Np2k TO ) ^HDSTtT. S.^^ 

timmf-'^ (pik. P2k> iuththc mt>. 

P1k=Np1k TO +AVp1k 
P2k=Np2k TO +AVp2k 

-WIttT. iSI!l«ii*fa 1 1 -t2 i£-ATns. Nplk 

RlfHp2k ^N. AVplk :&l/AVp2k ^AViSt, 

tt^'?P'»^'®raWTO =1 O n stttrW^* AT = 

— 20, — 10. 0. +10. 4-20ns(Dt^. ^55 

@I^5)11EA^-- 2048,-1024.0-. +102 
4. +2 0 4 8mV. *f=. A/DSSiSCDtB^J (A 

V)A^'0. 10 2 4. 2048. 3072. 4096* 

oyi--xiA-otzttht.M^i>mmp (=pik=p2 

k) It 

p = NTO + A T 

-NTO+ (AV-2048) TO/1024 
^TO (N + AV-2048) /I 024 
fei-TO =1 O O O tthts 
P=1000 (N-2+AV/1 024) 

Op B^-t:(nmMt>^^mttAh, tsti. 10ns=10 

2 4 mv if ^mwLmwM'M.m^om^i^a) 

[003 3] Sil^a;H:gi5 3 3 I±«ga»0^gi5 31.3 

:^3 2 xi*sSK<i^ $ S ^ -v ^i^^i'j!!^ A^i^ -v 

2) . k=1~mT-, rr.l*3.-HfA<^S-r§aSlH]iat^ 

[0 0 3 4] aS^^^MSm 10A:^^-v4^iH . 



A^l^-v^;i' 2 ic 2 ?&iK<D»;fflSffi^ (iSiiSA^i l . 

tO«»!Pnki4. m 1 . %2<DmWLm.1sm3 U 32 
|zJ;oT. ±Klt»3£lc»-:3l%TA^)5^^^-^H 

(A^Ji) oo^WliPlk. A:*]^-v^^;U2(0ttii| 
Sli^ (A:^2) <Dll«SI±P2ki: fr«{±l**ii.o Cti 

i^m^omMitMAti J- ^ JH- $ ti* 2 

[0 0 3 51 5^1::. A*l5^ Y^^iH 

- u- F-© 2 o(r>m^oym■&(r>x. v vPbI©^* rn ^fbI 

IC. A*2<DiE®X-vvT2(k+1) (ftafilJ) 0)^*1*^ 
A^IOJiErox-viJTlk (tt«#il) (D«fSlJi&5«»-r4- 

Tk =T2(k+1)-Tlk 

dC-C. T2(k+1) = T2k+P2(k+1). Tlk=Tl(k-1) + 

P 1 kT* ■& b A* 1 &l/ A :^ 2 (DSHi P 1 ka t; P 2 (k+ 
1) i:IEO)x-v v^4B#Si|Tl (k-1)3iU^T2kJ: y^ffflMP^ 
Tk *»til-r&Ct7!)«T't-S)o 

[0 0 3 61 ±a<D.fe^lcUTa«S«/1lli:W3 3-C«jf 

rBii!Riijg:>^tcfs fi«r 3 4 ^ int^^ $ tt 

•So i^i:M«f:S;SliS 1 03?o -v? Wlcs^s Lfc J; o (c 
i^^Sft (SiiiB#iaicMf 

<fc) . MT I Eiiw. v-v'S'iijiSiafiic^Mffi-efeSo c 

t,<i?#f I- o L^TlUTlr ffimizUlB^-r s „ 

[00371 gti+)iiwfw«fai*. LfcT*— 

7-b-vh. SII!l«i»»l-<kyfl?«f^lT-5t®-^S.*. ft 

ia$j-?iiiK«T5£i*. ii7ic^-r<i:ai=. a^*«"Jx.ii®^ 

Pk (^raWPi-C*.J:l^) ^«t«iii=.ty. «<*l^*©fiB 

wpk tm^Mz^ mm ^t^. jt»»*«*^u 

[0 0 3 81 B#$illE1b<K«i;Sli, S8ics«f <fc5(=. m 

ttiicjsiai^ra t k tit^). i8iiiii=aii^«^5!i^i#Ji^pk 

M«f«-ff3 tCOT'$>-S>o MT 1 ECMAXlMll TIME 

INTERVAL ERROR. M:*:8#RaS3llx^-) *IH=-^<'^t:Bi 

B^-r^o 

[0 0 3 91 9>^»*llSI-feL^T. iL--tfA<iS^-r-l)« 

^. -&*V*MT I Etf^o 3.-- tFA<iSS-r-5««tliJ 
SBffili. I TU/TS®»fei3W^i^W©a^11A^t.# 

itLT. :$^*)l!6«l|®««fSmTM*5 0m«;~1 07 

■^m'mit-th. MT i Ewaj«*ffi#i~ssiB^-r«.fcto 
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i)K m.'b7.iry:f2B0 u sx% -ttuyftro^bicpiD' 
[0 0 4 0] *fc, Wi^^iitcnmmmATOinmmm 

<OMT I EijUT<3>^mxmxmtii^mXtb^) . 1 El 
(Dii|^T?M«:ofctia^ra<OMT I E^:W.ihi^X^^y 

mmmm<Dn.—^m.t.^om : 5 x 1 0-2 s . 10 

-Is. IOO s. 10+1 8, 10+2s. 10+3 8, 10 

a) m^mmm. mimi^mmi^mxh^sx 1 0-2 s 

mmLf:M^.X<D. BtiSWIHlCD^:^fflXrnax(1) t^'h 

b) Sfe>lr5x 1 0-2sJSa<D^. o*ySIS^JfeA^t) 

d) uTmcwmx. m■^mmmm<Dmxm^ o^T&t< 
&ti>^x. ^mmmmiziii-f ^ ^Pairawit a) s:^® 

Xmax(n) i:«/J^it Xmin(n) S^^tiiL. >^ Uiciemf 

'So 

Xmin(n)|rML?l#. MT I E$»tBL, li!9lc>pf .fc 

Coo 4 1] MT I E = Xmax(n)-Xniin(n) 

f) ^tz. z;® J;-5!^tr»*LfcMT I E*^^^, 

m'M^mm (Af/f) ^»ai-r§. 

cD^jii^PBllcMf -^^ibftS-F FT8B (i^ii:?— 'jx« 

» b tifcS!^«7^-$ i*-^©^raPBiPiT?ais $ tifc 4, 

msy-r~-^A^f>liP^;4^ffll^T-^fflP§-ClJ:^^*tfc 

[0042] C<D*«PBl8H3fc!t-51i&T;Sfl>-«^^t 

t , jiMl^rgP 3 0 0)m K m 2 <DSiSigj!0»S|l 3 1 . 
3 2-e#b*ifc=&;lSffl«-T-5 5Pl , P2 . P3 • 

(c-?-*i*"ea)»!«filA<JB»$*t„ Pi = ti . PI +p 

2=t2, Pl+P2+P3=t3, •-•iLTiSM 



2, t3, ■ • ■ {m^mm^k>o>mm^7nLxn''}. 
t^\zmmo>m^\tPi tm^^. m\ti a)t^\zm 

ffl^Pk (DfE^boatPalM^^v-rts mx\m^ oaic 
iil^fiiPk l*^P«B|WPB1Pi-e^l^>4^Tl^ 

ho 

[0 0 4 31 z^fi>m'&mn'T-^pv. A\b, ^^rara 

th. #Jx.tfHi 0Al-feL^r, BfaoANb^atPsmiPi 
(nm^^SQ , SI . S2 . ■ • • -e^W^astfct 

oT*to.5. SoOTiJgJl^f'-^Pk I* (tk . Pk 
) jiSITM (0, Pi ) , 2 (tl , P2 ) ■ 3 (t2 
, P3 ) , 4 ( t 3 . P4 ) . ■ • • 8 (t7 . P 

»^S1 l*;;»0<fe7l-tr*A6^o in*.. Hi OBIr 
3jS ( t 1 . P2 ) . (S1 , PS1) , (t2 , P 
3 ) ^5i§tti^4 4A<P = At +B"efei)i:-ri>i:. 
A= (P2 -P3 ) / (tl -t2 ) 
B= (ti Pa -t2 P2 ) / (tl -t2 ) 
t/jr-So ::(»A, B^rSi i:^EII©iElc<tAf ^<k. 
Psi = Si (P2 -P3 ) / (tl -t2 ) + (tl P 
3 -t2 P2 ) / (tl -t2 ) 
■ea*^.Si 0))lWPsiA<m^^o KIT, niticurBi 
MPs2. Ps3, Ps4, • • • S-^ft'So 
[0 0 4 4] Z(DcfcdlCtT^lbiXfc»»iaiaPilfl)^» 
x-^iPsk (01 O AOxgiOf'-^') ^FFTSff-eiS 

A$a*S|5 5 0(7)«*|g (iiS^-ti-l') izm^PthZtlZ 
J;y, #1^1*01 O C|z^t-«a-A<#t.*i«)o C*i<t:y 
Jl^Pk ©gelS (iJ-v^i) eDSiRliilJS^^aiSwirA^-C 

-el#btifctl.'S-t±'5SK8T— Si PskcDiniS^±lf -Sfc 

Mz. x:?^-f >}^■^■(7)^te0^iPB^^£*fflt^4w<tt.■e# 

-So 

[0 0 4 5] JRIC. *Saa>*Sl5**t>lcPaBl::SlWt- 

-g. o aii^sp 1 0 itsimtm y is y ^ t -r c <b < 

M) i&]Ettlcip-SCi:*<-T?t-5Ci:3!j<ii*ixS. 

Ell M^mLxm^im±^Wi K «)y»x.iiK 
1 6. iSLmzm^Mm2 0^m^^ ^ruzzo-m 
»m\z-oi^xisimti>. 

[0046] m^m^±^mn■\ n*. ma. m 

3atj:«4fl)4-3<DDjg7y-v3^70'>:^F1. F2. 

F3&tXF4i:. ZOCDOR-y— hG2. G3i:. 10 
<D^flilfi<JORy-hG4i:. 1 •:>(» A N D'tr- h G 5 
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t, 10(D5iglHlSSDLij5'>ib«J?K^?tlTfc^y. mi0 

1 jb^bOA^! 1 (imi ©DS^v'U •y:;*':7P-v:? 
[0 0 4 7] ii!^^MIiS$-&§fca6©^1'§Bh'J** 

'J ^7 a -v F 1 (Dtii ASm^ Q l±m 1 © 

Ei^i 7&t;m2<DD}g7y'i':f3»a«y >fF2roh'j** 

[0048] ^zoo'^y^ivzf-p'av'^^zai'f—^ 

ti::. aiill^&DL^^^^LT»ft&MORy-^•G4a)- 

^jsi^^~Q (Q(Dift3is$E) h^mm^^. V-(Bm%mo 

F? ^— h G 4 (Das * I* A N D h G 5 <Dte:*f(D A * (3 

Sia^^TL^-So Ce>AND^/— hG5©tiJ^||*m2<» 

^^HfflllSEI^i 8l::«il$^^rt^•&o CtibilMSl 
l&DL, li<&fi<)OR>f-hG4&u:ANDy-h-G5!4 

[0049] %^■B^.U%2<^>^mm2 1^0:221*^1: 
i^Jtfl>4,©T53&y. |gi ®«'^S|2 1 1* 1 o<o:/D^'^ 
v:/;uf'/<t-r^fPD 1 i 1 o®^-y^LT 1 * 
fc, m2«D»^Sl2 2^, 1 •Dro::^p^f7^:?;ux/W^«' 
po^t^ o<o^->^LT2i:A>b-f-ti^tilifS$ti. 

[0 0 5 0J m^)m7Lmn^ 6tt2-:5a)ANDy-hA 
G1. AG2i. 1 0(D-<>y^— 4! I NVi:. 100)0 

C<5[)^y§XillSl 61*. »SB4 0J!)^e,X-^•>^ (S 
W) ttWe^ (ftb'C;!.) *<A^$H-5i:. HJSiltlE^ 

®S&1 3ANt,(J)«^e^ga)i5tl$«^^m2©^^S§l2 2 
icmi^L. *fc, *IJiagg4 OAM^>X^-y^ (SW) 

ti#A<A^J^tL^^L^i: tiztt (iKt>fi<£U'<;K?>x-< 

^tt««^A<A:^^:<'i^i:) , l8[^SA*2$m2©» 

[005 1] ±K«iticj:;h.i*\ m^m^±m^^ 1 



gi! h ij *'«-§-*<A:^! $*t^ C t IC J: y 

ti. *l^^Pl»4 0)!)^^,A:^^?4'l*x-<•v^f^»l8Pffi# 

-e^ygxilKi 6A<*fe3««A*2$«tji&-r-&*^ll*fi 

1 llrA*1 . A:»32A<tt|g$;HT^(DlJS;l:gx-.yvA< 

7. 1 B^mi^tiiX^Ckitm&X'hhO-r;. HI 1* 

IC (1) ~ (13) -^f&a^Lfc^gSOJj-SJKS-SI 2lc5i 

L. ^(Dmi^-MBM^mmr^t^. m^2(Dlmlt, a^j 

1 t t"Cia^1'-5J:d'ti:/^;UXipiWxK Wx2, Wx3, • 

1<D^'J**^a5^^TlcA**^^, Ai]2 1 LTA^i 1 <D3£ 
j^t-Sfe Lfcfl$S(D]E0)/<;UX«#7!i<» 3 <D Df^:? y -y 
a -y F 3 0 h y T izA A ^tifcJi^cDta) 

[0 0 5 2] STa)lftB^^#JlDt-5i:. y-b-y f-/^;!^x 
(j^ffj (1) (cj;y. ^2. m4coD}^7y -y:;^ 
ycy-jFz. F4iiit«y-fe«> F-^tL. »i(0Di^7 
y •v:?7a«v::'F iiioRy— hG2^^M,T. S3a) 

DM7 Uv^yay-JF 3 liO R^y*— h G 3 LT-?- 
*l-?:Ky-b-y h^^X, mm\ZZ0i)-t-J h/s°;i,XIC<fcy 

m2(D^js£ji«iiS£ii^i 7. i8ty-tr-yh^ 
tfz. A*i©A*±*<yx>;/i;(=j:yi!i(OD 

m^(r>Driy'JyyyovyF ■if)<j^mti>t3<^ m^o) 
)U7. (sK»5 (5) #pj ^fistT/\*'y77 y 1 9 

'^■i'lS-r-'S' (a:*.±7f)<yx-yt;^©)a«9Pr1. Pr2, 

^iMiii^@i«ii 7«<nas«l9lcs1-sl^Fy]$jli2^^f£ 
mtm^^^^Ajtm^ (»$jii^/N°;ux (5) 
[0 0 5 3] mzommmnmrnfi^ 8(d««^p^ 

T'fcy, A^J 1 (D/^;UX*gWx10^4a5(DS*,T)!!<yx«y 
•i:;i:PB|S9CDA^l2 (3) ®4*,±A<yi 

iJlc J; ^)%3<r>oYi^y') y-Jyciv-jF z <oai*""Q 
A^SIiL. C*ic»;y-^lit!a«Sii?ftlc|g2<D5iSI^»l38 
^H^l 7*<«#5i*^/<;ux (iiSB (12) #^) t-^ 

^LT/^y7T;^*y 2 O'va^-T— J. (a:*,T*<yx 

'i»vPBl<DU«Pfl. Pf2. • • •) ^m^^t2^o\zU 
oTU^. SI 2l::fclt*^ratM2A<Cl<7>rtS|l«iai=S 

■rsl^il^sii^m(iB (»#a^/^;ux (12) <dib 
[0 0 5 4] ::4xf>«tai^/<>i/X (s) jtt; (12) 
ai/FsttoRf— hG2:Ri>*G3^ffli;ry-b-y 
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G 5*^b«^Di-«ia^PB^ t ffl/^JUX (» (1 1) # 
t-So AND^f-^G5A^C>tli^J$*l-52;*»TA< 

yx-vi^fplcD^^pfi, Pf2. • • • iS^D^SI 
M p f 1 li A A 1 a)/ <;uxi«wxl iz^ L c © J: 5 ic l 

# (fa— r-l-tk**! 0 0%«rifilMi^) *^13I=5F 

HI 3iCfcL^T (a) liS^ M i: A* 1 <D/^;UX« 
^i:0M^$*L. (b) 77;*^^ 1 9. 2 0 

[00 5 5] /"?;UX^^Wxn=Wx(ri-1) + Pfn+Pr(n-1) 

^ 1 . mtDmmmmm'&m^ 17,1 scd-* 

mm^m^ 17, 1 a t Lxit. m^imwrn 62-2 

5 3 2 6^ir5Ki-i$«f Lxmmt^ztt^ 

ma 1 1 ©II u A^bBtPBi 1 2 ©in y ^T?ic#*.ti^tt8ft 

^?P->^®*fcNp1k . Np2k Izzmi^^a-J^^MM 
TO ^iHtWLfcx— $«Np1K TO , Np2K TO t^W- 
iHL. C0«[mLfcf— S»©5%. NplK TO , Np2K 
TO IttOt^tiitlt. «^PBTt1 . t2 frol^rl* 
(t1 -t2) ^SEiCgg^L, SblCA/D^ 
illlT'C:*i^f v$-»HII::LfcAVp1K . AVp2K $ 
ffi*T?^§®K«li5K-e&iitf<t<. HI 4tt»MB86 2 

- 2 5 3 2 6^ic^.-r8E^ri^s:*imjti: L, ±mmm^ 

^ § ct 5 13 Lfcm 1 cD^^glWiil^ll 

[El«^$^c!l^^F4^^t®ri*^^l^„ 
[ o 0 5 6 ] n 1 4 i-^ta^^^jllSil^ 1 7 li, m 
1 ~^4©4o<D J K:?y ^:^:7D<v3^F 1 1 ~F 1 4 

^5®5-3(DANDy— F-AG 1 1 - AG 1 5t. 1^1 
~|g4<D4OC0OR^r— hOG 1 1 ~OG1 4i:. |g 1 

so:m2©4iS!tfifPBi-mE3E«siT V 1 &t;T V aroaa 

:^3«0M#^ft5?l#*ii«IISA 1 i:. ^ l St;* 

z0mm.mm-m&»mT V 1 RUT V 2<Dm^m^ 

5li#$tli'ISI&S A 1 |::«iyif^TA*)t- -s^itJii^pim- 
^yax.X'r -^^^SWl It, '^P'V-J'* 1/MICf>Ji 
-r-&l/M»S§gFD1 miXt>'m2(J>2 0<D9> 
«V hV^l/^/W 3*L/-$iMM 1 Xlf:MM2 Npl 



K TO ^nrnt^y^j-tv hMit^upcT 1 1 ^ 
mm (ti -t2 ) m&t:-*)->y)\^t^-j^'fth-^>zf 

jU7f;-juKlHlS&S AH 1 -9->-:>';USHfcai»S«E 
§S (A/D^iftSI) AD 1 tA>b«J*^*iri^'?)o 

^^BS-r-So <ffc. mi ~m4©#jK3>U">:f:7P':' 

:fF 1 1~F1 4©J3ti;KSili^-i:. Di^7'iy:^7H 

[0057] ±ie«jtl;:fci^T, A:hm=f- 1 n i l::!*!! 

(|g2(»ill!S^«BS'IS[HlKl Bro«^l-IJ:A 

^jag^ I N 1 icjise-^ifi^iiK 1 1 A>f>A*2a)*g[a 
m\tt^i<ommmmmnmm-i 7©«^t?fe*A^ ma 

[0 0 5 8] A*a^ I UMzmi^tixtzK:f}t<!)^M 

V «fe o T b'<JUJ5te L fc J K 'J v 7 P 

F 1 1 (DtB*QA«m 1 fl)«8»KW-«E3E«ilT V 1 ic 

^sg^fti-s, mi<o4i»i^w-«ESifti»Tviiicai 

vnc^ai-r-S. JK7'j-v3':7P-y3^F 1 i<D 

aj*~Q (QoasastetiJA) i*m2©«aiiirB"!-«E 
^^mrv zizmm-^hxti^. s)jirA*-r*it;«sx 

fcaJ^]~Qft<ca)m 2 ©4IS»l$f8!-SESE8IST V 2 1= 

®X-vv («X.I*03(DE12) A^b2 0g(Df+IS[<7a'V 
^7^<OK^t2 (I13#!1) ^»tliLrcHi&«E<i# 

AV2i=sg«i-ri.. iaTia»irLTmi<»Ji«i«fB-« 

ElE«SlTV1l4m3. ms, • • • <DW»iO)x>:; 

vA^ f> 2 o a (Df+Dt^? p ■5' iioE^rBiics^tfr-t -smEfi 

2ttm4. me, • • -©ftSESioJx-viJAM&aoi 
(Dt+ia^ a ■> ^7 i£<Da#rai::**(Et ^SE«# A V2n^l6 

[0 0 5 9] Z*Lb«E«^AV2n-mufAV2nf±tJiy 
gTLX-f-y^SWI 1*^LT5!t»«*S«SA1|cet 

^20(»y]yg^X'r-v^<ky?i:y, mi0<j?!y»x.x 

-f -y^^WHTli^i^ 1 o(4?l#*:iS^§ISA 1 ©+fflA* 

(::iti^$*L, "to-yjiom^m^ 1 a (4m 1 ommmjsi 

-«E^m^T V 1 cDthtsmiz. mi5(Dm'Mm^^ i b a 
m 2 (7)3si^BtrBi-mES^ii t v 2 omtsmiz^^'eH 
mm^ti. m2ro«)y^xx-f •;'^©pjii!i^^,2 
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10 0 6 0] §|#it^<i§^S A 1 lZfcl+*>1l»li. ±it 
LfcJ:3!-3|«i!:ft (t1 -t2 ) (Dl;E$3Ri6?>4,<DT- 

E (AV2) 35<i&affl®l;E<!: LT?iifflT't^.(Dt;\ 7. 

Y^y^^swi 1 ^tj)y^A.rm2<j)J«»f0i-«EX» 

^TV20I±5* (AV2) ^!)^^,m1®^iiWPB^-SE^ 
SSHTV 1 ro2SB©HiA (AV3) *?l#»t*Ci: 
(AV2-AV3) 0 ^-<D53?<Dll#»l*lll>'X-i' 

T\/ ^OZmS<Dmt^ (AV3) 3!)''bm2 0>S«P«1- 
mEK«I^TV2(»2SBa)tii:fa (AV4) S§l#|fU 
(AV3-~AV4) . iilT5E5!CX'('«y^SW1 ^ 

[006 13 Cfl>J;^icLT»lfJLfclSiE««E (AV 
n ~AVn+l ) ^-y-vtr^jUTh-^t-KEBsAH n?-y-> 

^^cizA/DSltgAD 1 tr-c^x^x-f v^/b 
iis-^LfcJffi^SWEa-x-r vi^;MtA vpiK 

T^-^NplK TO Ji::^'J-fe-V hUf+W-PCT 1 iJ:y 

10 0 6 21 m2©'7>*>3 .y 

-•^ MM 2 *tl-&#^^J.?f''^;L'Xli« 1 (»/<»v 

KC»«fSf 3 0 lcfcL%T±a t J: 5 1= LT«5l!l«fi^© 

-To mi-a^/%VUXA<A***ifc<fc^lcSi|SSgl OA"-?) 

«©2iiia>T KbXDb't'V^ (ACTK ACT2) t 
RAM (RAMI, RAM2) A<<$ffl$tlv Oxiit^ 

RAIvl!cm^a.?ft!)f^$fToTt>-S)WI*. ift5?<DT 
KU7.:b'^>^i:RAMiiift^ai;Jix-5, !ei.Slci£;t:r 

JRIC^OM*'^ 7 T ;< * y icitt -S^tii^A^fTtjH^* 

■r O S#fBl t3 igj.!! ^ fr 3 C i: t -?> cfc d l:: L T t, 



-eft<. mi, S2(Da^jiKBii|SllKi 7, i sA^b 

9 (^XBt^— $«) NplK TO , Np2K T 

0 autAVplK , Avp2K ii::4ie,ai«IHWI'l«il^ 1 
7. 1 8 7b^bS^3i^/^;^;^ )!)^<R*S^? Hi) i:, 
T>^yi9. 2 0(DRAMlcEgl|$*lTlBffi^F*t-5<. 
^Cfc. Hi Scf. AG 2 1~AG24l±ANDy— h 
OG2 1 ~OG24l±OR^f-h*. FaiSI/F 

2 2iiDfl^:7y ■y-:^:7P'y3^$^*i^Pti.5^"*'o 
[0O6 3] ±aiLf=J;^lc, ctif>/N''y:?7'>*y i 
9, 2 0tt, j>t^yTKL/7^A<7KbXAt>>5iCD«*l 

li:l^«?f i¥tf Lr/\*->77^^y i 9^ i 0/I^P> 

[0 0 6 4] ^•^mMmm-i 3Rxf»^mmi 

»*3il«8im*^JfiSi! : 10MHz 
M^mAtsm&l». rIOMHz 
mWi^a-j^m^^ : 100MHz 

^mvimmtimmm ■. 2 o 4 a k h z 

St^W-v^^HC (TTL, C-MOS. ECL*) T? 
fllfiKT?#*J:5lc1 OOMH zliJtirL, PLL^fll^ 

■t^mmmmmmm (vco l*^i^B$6#?b<^gl^'>yx 

^J^II«lf^ffll^fc^,0> (VCXO) SffifflLTL^-S. 
[0 0 6 5] a^HKl 4^fltfi£t*PLLI*, aft© 
S^IESISI 2a){iSASSEiia(S^*<A*^fH'5 

femK^IOIt, C(7){4^gi±«ll1 0 1 A^bOdB^} 

il-^^^-f^u^f'S-fU— 1 0 2i:. c:<d;u- 
:?:7k';u^ 1 0 zx-:^ )U9t^i^tzm^<DWSE.^zi:oX 
|gigjWft»A<SW»**v^vcxoi 03t. covcx 

01 0 37b^b®fl^l^^J*©Ja;Sl!($1/1 oic^^fi) 
^j®§ii 0 4<tA^p>^cy. c©»®si 0 4ro»fflm*j 
A^&tiJtssi o 1 mmmm^^ 2A^t><D 

m^j«#<Dft«i:Jt«i*tii>o ^j^sii 0 4-ei/i o 
(c»^-r-5CDi*«*IIJI§f 1 2rom^)®;'fi»AM OMH 

zX. VCX01 03®l6««jKSfeAM OOMHziC^ 
[0 0 6 6] UtS. *WTf l***^*i§l 1 2 7i^bff)ai;»3 

«-^ii^y#x.xf >v^i 0 s^tn-LTMftlsJi&i 4& 
t^ffljKISIE^ISIS 1 3'sA*J$tii)o X-f -y^l 0 514 

mKitvT c\zmmLtzt(D) t^<joy#x 

s*^iiiii z(Dmmmimtmcm:S.»(D9^u^ 
mm^i}mh>Jfli>t^iz\m'mmm^ 2(»it*?yi=c 
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^i:<rt,J:L^o 

[0 0 6 7] *fc, 0^aatt^^:te#<4-^j!)<. PL 

(VCO) ttt*B$t«AMgl^^ 'JX^JU^SSI 

X(ii4Sl»l|lffl5K«!t<i# (1 OMHz) 1 -t 

T? 1 /2 5 0 0IC«-SL. 4 KH zOTfi-^^fStaJtSSI 

1 1 2\ZAtlt^Mt^ VCXO114 6^^>2048K 

/ 5 1 2 Lfc 4 K H z fl)IS^^{tfflJ±«{§S 1 1 2 

icA:^t--5^.s-j^ < t . ±Bmmmm 1 4 » p l l t n 

3-e7</l/^»$tLTVCXO 1 1 4lcA*^F*X-5o 

Coo 6 8] CCDS>tSfe»!aS8l SA-'bOSmfiS® 

^1 e&U'Jv'^i^mmw,^ sizm^^tit^o *fc. m 

Ieym*ti-Sc :$;«-Ctt2 04 8KHzfif>ra«-§-$^ 
LtztiK U^m^■t LT(*±lc 1 544KH2i:204 
8KH 7.tl^mi^Hyjh.^(0V. 1 5 4 4 KH zlCl-^:^^- 

T'^fl^ iloT, a^Th 
■^'i/ a VH?- Kl3«llf 5l«- K3£ftiet9i*l33.- 

10 0 6 91 •■^(^. v'y^#J)0@gSl 5CD--*tt:ffili&g 

«iM*i Tu/Ts 

^•M.t!a-r-<-t»fi^B<Diitim^- P A (-T 1- -Ix^r jUfi 

R F 1 i: . »mtit1S<?)KM«^>i^ b^?P-y^€#PB^ 
f^§fc«)lrcH^2lg-tS)HgllMP 1 oi:, wfflM^g 

UMP 1 OCDmilbffi^^Sfe-rS'f I NV 1 0 

t. cro-f $ I NV 1 oosiEtti*^gS^-&M 



BCT1<b:, mt*-y h07 KUX*'t7>'S' ADT 1 
RAMt. ■7'r^a3>t°i— ^»MC1 i:, AND-y- 
hAG3 ^Sffifi^O R^- I- E G 1 . 

EG2, • • • EGniA^bffiiS**!-, AND>f~hA 
G3 2i:Smfi<)OR^*-l-EG1, EG 2, ■ • ■ EG 

[0 0 7 01 v-y^mnlilSSi sits mi&^M^^^'i 

zfRF ^<Df-m'i■D\zX:fJL. -Is. »*»««)St 

Kfl-^^JHSUMP 1 oic^^rafiL. ^bir-o/^ 
— *i I NV 1 or-5feLT^1-g|5'J'P-y:?m^PB*^fi£ 
C©-?P-V-5'«#PB)(i^b, V-f •>Pil>tf:i— ? 
MC 1 ©«IJ»©Tr% 2n jifgSMP 1 K n t^'V h© 
/U-*-'J*'t>>^'BCT 1 , mt'>y h©7 KUX^'t'V 
^ADTI. RAM. AND^"— hAG3 iai>*AG3 
2, gfteMOR^y— hEG 1 , EQ2, • • - E G n i= 
J; ■3-t±E-T><' ^m^P A^ 'J -f 5 i- 'J 
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